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論文内容要約 
  In 1987, Tsai et al. published a work that revealed the thermodynamically stable quasicrystal (Qc) with high 
crystallinity in the Al-Cu-Fe system. The large grain of single Qc provided the evidence to characterize its symmetry in the 
space group of , namely, icosahedral (i-) symmetry. Many studies have paid attention to the development of production 
techniques and application of the Al-Cu-Fe Qc i-phase because it has a favorable cost, easy availability, and non-toxicity. The 
stable Al-Cu-Fe Qc appealed to many studies on Qc across fundamental investigations to practical applications. Among 
potential applications of Al-Cu-Fe Qc, the reinforcement particles for metal matrix composite (MMC) is one of the most 
promising ones. Al-based Qc has high yield strength and excellent wettability to Al alloys in contrast to the common 
reinforcement particles (e.g., SiC, Al2O3). However, in many of these experiments, the starting particles, despite being Qc 
phase initially, transformed into other crystalline phases (e.g., ω-phase) during the stirred casting, hot-pressing, and such kind of 
processes for MMC. It was not until 2008 that Kenzari et al. successfully dispersed the high purity Qc particles into the Al 
matrix through an oxidation pre-treatment of Qc particles. After the oxidation pre-treatment, an aluminum oxide layer (few 
tens of nm) formed on the surface of each particle. In a liquid-state fabrication for MMC, the diffusion barrier should be thicker 
than 0.5 µm to prevent the Al diffusion across the diffusion barrier and Al-Cu precipitation phase. In other words, thickening 
oxides layers of Al on the surface of Qc particles is desirable for industrial applications. Obtaining a thick oxide layer on Qc 
particles by oxidation is a challenge due to the sensitivity of the Qc on composition. A detailed investigation revealed the 
possible models for oxidation behavior of AlCuFe i-phase at 773 K, in which the phase transformation occurred accordingly 
from i-phase to β-phase owing to the depletion of Al. The pseudo-binary section of an Al-rich portion explained the 
relationship among three intermetallic compounds, ω-, i- and β- phases using a formula of Alx(Cu2Fe1)(100-x)/3 (at%). Their 
specific compositions are Al70Cu20Fe10 (ω-phase, tetragonal), Al64Cu24Fe12 (i-phase, icosahedral; Qc), and Al55Cu30Fe15 
(β-phase, cubic), respectively. Many works indicate the phase transformation from the Qc i-phase to the crystalline phase. 
Though a work revealed the formation of i-phase from the nominal composition of Al: 70 Cu: 20 Fe 10 (at%) through the 
mechanical alloying and conducted annealing, they did not mention the effect of oxidation and diffusion of Al on the phase 
formation. So far, there is no systematic report on the phase transformation from the ω- to i-phase by oxidation. In this study, 
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the selective Al oxidation is employed as the core-concept to produce the Qc particles, and a thicker oxides layer from ω-phase 
particles; and further, the oxidation stages and phase transformation from ω- to i-phase are discussed in detail. Last but not least, 
we evaluate the effectiveness of selective oxidation, which could lend fine-tuning itself of the chemical composition to provide 
a new methodology to investigate the physical properties. 
In this study, the powdery particles with nominal composition Al70Cu20Fe10, i.e., the critical chemical composition of 
ω-phase, were prepared as starting materials. The main phase of starting materials was the ω-phase. The preparation of 
powdery particles was prepared by the pulverization of arc-melted ingot and by the gas-atomization. The electrical muffle 
furnace held the oxidation at selected temperatures (873, 973, 993, 1003, and 1073 K) for several durations (from 3 h to 400 h) 
in air. Powder X-ray diffraction (XRD) was performed to the phase identification in the course of oxidation time. The 
metallographic observation and the characterization of the chemical compositions in a small region (micro-scale) were carried 
out using scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and electron probe 
microanalysis (EPMA). The induced coupled plasma (ICP) analysis revealed the depletion of Al and the deviation of the 
chemical composition of the metallic part from Al70Cu20Fe10 after oxidation, due to the insolubility of Al oxides in aqua regia. 
The differential thermal analyzer (DTA) presented the metallurgical reaction and the melting temperature (Tm) of ω-phase in 
airflow. The electron transmission microscopy (TEM) provided the observation of the interface boundary between each phase 
and the oxygen diffusion, characterized the reciprocal space of each phase using selected area electron diffraction (SAED). 
In chapter 3, the concept of obtaining Al-Cu-Fe Qc i-phase from ω-phase by selective Al oxidation had been 
demonstrated. The depletion of Al and oxidation caused the compositional change and then induced the phase changes. In the 
oxidation experiments starting from the ω-phase, the results of ICP analysis revealed the depletion of Al and selective Al 
oxidation as a function of heating time in air showed a constant Cu/Fe of 2.0. The particles composed of ω-phase and i-phase 
with alumina shell were obtained by heating the ω-phase particles at 973 K and 993 K (<Tm(ω)) for 400 h in air. The ω-phase 
particles heated at 1003 K (>Tm(ω)) in air maintained the spherical shape even after 400 h. The alumina shell formed in the 
early stage was proposed as a micro-crucible to keep the spherical shape of particles. After 400 h heating, the ω-phase 
disappeared, and the main phase of the particle core was i-phase with secondary phases. The thickness of the alumina shell was 
approximately 1.0 µm when the ω-phase completely changed to the i-phase (at 1003 K for 400 h). The alumina shell held the 
molten part in the particles, and the i-phase grew to a large single grain with a dodecahedron shape. The selective oxidation 
occurred during the heating at selected temperatures (> 973 K); however, both the samples prepared below and above Tm(ω) 
showed the sharp phase boundaries at the interface between ω- and i-phases, instead of the compositional gradient toward the 
radial direction as expected for a typical solid-state reaction. The results suggested that the formation of the i-phase was not 
through solid-state reaction, but through solidification and crystal growth. In the case of starting materials prepared by the 
pulverization of arc-melted ingot, the ω-phase grains containing the θ-phase, the oxidized grains were composed of β-, i-, and 
ω-phases, and were having the total composition near the i-phase. Thus, the results could bring out the speculation that even the 
oxidation at the solid-state of ω-phase, the induced liquid-phase from the θ-phase included in the starting materials assisted the 
formation of the β-phase because it brought a series reaction of the ω-phase with the liquid phase. The results indicated that is 
was a non-equilibrium phase transformation caused by selective Al oxidation that induced chemical segregation at the surface. 
According to these results, we constructed a model for selective Al oxidation in Al-Cu-Fe at 973 K and the nucleation and 
formation of i-phase from the ω-phase and explained the route of the reaction. 
In chapter 4, the composition of the i-phase was successfully fine-tuned by selective Al oxidation at 973 K, in which the 
Al contents could decrease from 64 to 62.7 at% in a controlled manner. The Seebeck coefficient of the bulk samples gradually 
transited from negative (-2 µV/K) to positive (+16 µV/K) at 600 K as the Al content decreased in small steps. In contrast to the 
previous investigation, chemical composition was systematically controlled in a minor change, and the dependence of the 
Seebeck coefficient on the chemical composition with a constant Cu/Fe ration was demonstrated. For the evaluation of 
methodology, the bulk samples of the i-phase with similar compositions, prepared by arc-melting, showed the same tendency 
of the Seebeck coefficient with the fine-tuned i-phase samples. Thus, using the selective oxidation of Al to tune the 
composition in minor could be used for a systematic investigation of the physical properties of Qcs. 
 
 
